Background. We investigated low-dose aspirin (ASA) efficacy and safety in subjects with silent brain infarcts (SBIs) in preventing new cerebrovascular (CVD) events as well as cognitive impairment. Methods. We included subjects aged ≥45 years, with at least one SBI and no previous CVD. Subjects were followed up to 4 years assessing CVD and SBI incidence as primary endpoint and as secondary endpoints: (a) cardiovascular and adverse events and (b) cognitive impairment. Results. Thirty-six subjects received ASA while 47 were untreated. Primary endpoint occurred in 9 controls (19.1%) versus 2 (5.6%) in the ASA group (p=0.10). Secondary endpoints did not differ in the two groups. Only baseline leukoaraiosis predicts primary p=0.022)] and secondary endpoint-a [3.2 (95%CI 1.1-9.6, p=0.040)] occurrence. Conclusions. These data show an increase of new CVD events in the untreated group. Despite the study limitations, SBI seems to be a negative prognostic factor and ASA preventive treatment might improve SBI prognosis. EU Clinical trial is registered with EudraCT Number: 2005-000996-16; Sponsor Protocol Number: 694/30.06.04.
Introduction
The importance of early recognition of silent brain infarcts (SBIs), defined as cerebral ischemic lesions without overt clinical presentation [1] , has been progressively recognized in the last years. SBIs increase the risk of stroke up to four times [2] [3] [4] [5] [6] in general population. The presence of SBIs increased the risk of stroke recurrence also in patients 2 Stroke Research and Treatment with symptomatic ischemic brain infarction, compared to stroke patients without SBIs [6] . Furthermore, the presence of SBIs more than doubles the risk of dementia, including Alzheimer's disease [3] , and is associated with a higher conversion from mild impairment to dementia [3, 5] .
Accordingly, it seems appropriate to apply secondary stroke prevention strategies, instead of those of primary prevention, in healthy individuals found to have SBIs [7] . The revised guidelines from the American Heart Association/American Stroke Association have begun to consider SBIs as "an entry point for secondary stroke prevention and an event to be prevented" [8] . Among the modifiable risk factors, a careful control of arterial hypertension, particularly nocturnal pattern alteration and morning surge, is important for SBIs prevention [9, 10] . Evidence from the Northern Manhattan study shows that also increased levels of physical activity are associated with a lower risk of SBIs [11] . Nowadays there is no solid evidence to consider the presence of SBIs per se as an indication for antiplatelet therapy in healthy people with SBIs due to the lack of direct trials [7] . Thus, data on long-term treatment with aspirin (ASA) in healthy people with SBIs for the prevention of new cardiovascular events are urgently needed.
The aim of the present study was to assess, in a population of healthy subjects with SBIs: (i) as a primary endpoint, the effect of ASA on the incidence of SBIs, stroke, and transient ischemic attack (TIA); (ii) as secondary endpoints: (a) the efficacy and tolerability of ASA in the prevention of cardiovascular events as a combined endpoint of total mortality, cardiovascular mortality, nonfatal myocardial infarction (MI), nonfatal stroke, TIA, and SBIs; (b) the incidence of cognitive impairment and the effect of ASA therapy on possible development of cognitive impairment.
Materials and Methods
This longitudinal, randomised, double blind controlled versus placebo study was conducted in eight Italian centres. All consecutive subjects attending the neurological clinic, aged ≥45 years old, who presented at least one SBI at Magnetic Resonance Imaging (MRI) were enrolled.
Exclusion criteria were as follows: (i) presence of stroke or TIA; (ii) contraindication to ASA use; (iii) presence of microbleeds; (iv) indication to anticoagulant therapy; (v) malignant arterial hypertension; (vi) cardiac heart failure (IV class NYHA), (vii) haemoglobin value ≤8g/dl; (viii) platelet count <100.000; (ix) haemorrhagic disorders; (x) ongoing antiplatelet or anticoagulant therapy; (xi) serious inter-current illness.
At baseline, subjects underwent a complete and standardized vascular screening as well as a neuropsychological assessment. Patients were randomized to receive one of two treatments: (a) ASA 100 mg, administered as an enteric-coated white tablet, or (b) placebo, an enteric-coated white tablet with identical appearance. Treatment allocation remained blinded to investigators and subjects until the conclusion of the study, except for patients who withdraw for any collateral or adverse effect and/or any new cardiovascular events.
Treatment to control vascular risk factors was administered to all eligible patients at the screening visit and throughout the study, in accordance with international guidelines [8] .
A group of patients were not enrolled in the study because they refused to participate in the pharmacological trial. These subjects were studied prospectively and underwent the same baseline screening and flow chart of exams of those who were randomized.
After the inclusion in the study, all patients were followed for four years and also the ones who dropped-out for any reason except for consensus withdrawal. The annual followup included the following: standardized MRI, neuropsychological assessment, blood test, and clinical evaluation. At baseline, at 24 and 48 months, an extracranial carotid duplex, transcranial Doppler, and transcranial colour duplex were performed.
MRI Protocol for Diagnosis of SBIs.
At admission, all participants underwent a brain 1.5-Tesla MRI with a standardised protocol for all centres, as previously described [12] . They were positioned comfortably so as to avoid even minimal movements of the head. A scout in the three spatial plans was performed, positioning the sagittal scans on the median line, providing a better visualization of the corpus callosum. Scans have been positioned on axial plane, parallel to the lower margin of the corpus callosum, exploring the whole brain. The following sequences were performed SBIs were defined as focal hyperintensity on T2-weighted images, 3 mm in size or larger as described by Vermeer and collaborators [2] . Proton-density sequence was used to distinguish infarcts from dilated perivascular spaces. Infarct lesions in the white matter were distinguished from white matter lesions by corresponding hypointensity on T1-weighted images.
A neuroradiologist, blinded to the patient's medical history, classified SBIs according to size and location. Cortical and subcortical atrophy and leukoaraiosis were evaluated and scored as absent or present. A good "inter-intra-rate reliability" (k=0.70) among three expert neuroradiologists was reached before starting the study enrolment (P.P., F.F., and S.B.).
An experienced neurologist, blinded to MRI results, reviewed the medical history to exclude any previous cerebrovascular overt episode. Finally, medical history and imaging data were matched in order to categorize the infarct as silent or symptomatic.
Evaluation of Cognitive
Performance. The neuropsychological evaluation was assessed by de Groot and colleagues' method [13] due to its sensitivity to subcortical dysfunction [14] . Three domains were explored: speed of cognitive processes, memory function, and global cognitive function [14] .
To evaluate speed of mental processes, we used the Stroop test, the Paper-and-Pencil Memory Scanning Task, the LetterDigit Substitution Task, and a verbal fluency test. Memory function was evaluated by a 15-word verbal learning test. As measures of global cognitive function, we used a combination of the above-mentioned tests as well as the Mini-mental State Examination (MMSE).
Clinical Assessment.
We recorded (i) demographic data (sex, age, Body Mass Index [BMI] , and education level); (ii) vascular risk factors and related treatments (arterial hypertension, diabetes mellitus, hypercholesterolemia, hypertriglyceridemia, current and previous smoking habit, alcohol consumption, hyperhomocysteinemia, internal carotid artery stenosis >50% of the lumen, and intima-media thickness); (iii) medical history (MI, atrial fibrillation [AF], heart failure, metabolic syndrome, ongoing oral anticoagulant or antiplatelet therapy, and migraine with and without aura); (iv) baseline vital signs (systolic and diastolic blood pressure and temperature).
Endpoints.
The primary criterion was a combined endpoint of ischemic stroke (IS), TIA, and new SBIs detected at MRI. The evaluation was performed by considering the number of new SBIs occurring during the study, calculated as the difference between lesions at endpoint and baseline MRI. Any TIA or IS occurrence was added to this computation.
The secondary criterion was assessed by (a) the incidence of new cardiovascular events (combined endpoint of total mortality, cardiovascular mortality, nonfatal MI, nonfatal IS, and TIA) and SBIs and the count of adverse events; (b) the eventual cognitive decline. Adverse events were classified among serious or not serious, expected or unexpected, and categorized. The incidence of haemorrhagic stroke and major bleeding of gastrointestinal tract was calculated separately.
Statistics.
In order to improve the statistical power of the study, subjects who participate to pharmacological trial were analysed together with those who participate in the observational study. All subjects were divided into two groups according to their decision of starting or not ASA therapy: ASA versus controls (placebo or no therapy).
Descriptive statistics are reported as count and percentage. Categorical data were evaluated with the Chi-square or the Fisher exact test as appropriate. Two predictive models were carried out to assess any potential prognostic factor of new SBIs, stroke, TIA (primary endpoint), or all cardiovascular and adverse events (secondary endpoints). The predictive models have been assessed using the multivariable logistic regression with a forward approach. Results are presented as Odds Ratios (OR) and 95% Confidence Intervals (CI). The predictive models' goodness of fit was tested with the Hosmer-Lemeshow test. Area under the Curve (AUC) values were assessed for each significant variable and the full models. Models sensitivity, specificity, and predictive values were given. Psychomotor speed, memory performance, and cognitive indexes were obtained according to De Groot and colleagues [13] . These scores were compared both transversally and longitudinally using the Wilcoxon Mann-Whitney test and the repeated-measures ANOVA (ANOVARM). ANOVARM models accounted for both between and within sources of variability, using mixed effect models. Effects tested were treatment (2 levels: ASA and controls), visit (5 levels: 0, 12, 24, 36, and 48 months), and the interaction between treatment and visit. All analyses were carried out on an Intent-to-Treat (ITT) population. Analyses pertaining the cognitive evaluation were applied on (1) observed data (no imputation) and (2) last observation carried forward (LOCF) datasets. The ANOVARM analyses conducted on the observed data dataset were adjusted for missing evaluations using the pattern mixture model. All tests were two-tailed with significance set to alpha=0.05 and CI =95%. Data were analysed using the Statistical Analysis System (SAS Institute, Inc., Cary, NC, U.S.A.) package for PC (version 9.2) and Statistical Package for the Social Sciences (SPSS) package for Windows (version 20.0).
Given the low statistical power of the study, a parallel Bayesian analysis was performed on the primary outcome and MI occurrence (composite vascular endpoint) at 1 year for the 50 subjects who were included in the pharmacological trial. We used the Gibbs sampling (a Markov Chain Monte Carlo MCMC algorithm) for obtaining a sequence of random samples (1000) from the multivariate probability distribution and from the joint probability distribution of the uninformative prior and the binomial distribution (successes and failures occurrence) of the data observed.
Ethics.
The study was approved by the local Ethics Committee (EU Clinical trial registration: EudraCT Number: 2005-000996-16; Sponsor Protocol Number: 694/30.06.04). The procedures described in the study according to conduction, evaluation, and documentation were conceived in conformity to Good Clinical Practice Guidelines and were inspired by the principles of the Declaration of Helsinki (1964) and its later amendments. All participants to the study signed a written informed consent.
Results

General Features.
During the study period, 350 subjects underwent the baseline screening procedure. At the end, 124 subjects were recruited. Forty-one subjects were excluded after central neuroradiological diagnosis review. Fifty subjects were enrolled in the double-blind study (14 in Perugia, 12 in Roma, 7 in Pavia, 6 in Ancona, 6 in Bari, 1 in Firenze, 1 in Imperia, and 3 in L' Aquila). Out of 50, 24 subjects were randomized to ASA treatment and 26 to placebo. Thirty-three subjects (24 in Roma, 4 in Ancona, 4 in L' Aquila, and 1 in Perugia) were studied prospectively but they did not enter the study because refused to participate in the pharmacological trial. Out of 33, 12 subjects underwent treatment with ASA and 21 with no ASA. 
Main Characteristics of the
Primary Endpoint.
The number and rates of primary endpoint occurrences were reported in Table 2 . Although significance was not reached (p=0.103), there were 9 (19.1%) versus 2 (5.6%) cerebrovascular events and new SBIs events in the control and ASA arms, respectively.
Secondary Endpoint-a.
All cardiovascular events occurred in the ASA and control groups during the four years of observation are reported in Table 3 . The only, nonsignificant, imbalance was on the primary endpoint, in fact other cardiovascular events (nonfatal MI, all cardiovascular mortality) are fairly balanced 5.6% and 4.2%, respectively, in the ASA and the control groups. Also adverse events are fairly balanced in two groups 5.6% and 4.2%, respectively, in the ASA and the control groups (see Table 3 ).
All events that led to discontinuation of the treatment are resumed in Table 4 . During the study period, two control participants started aspirin and two participants in the ASA group stopped aspirin because of gastrointestinal adverse events. Table 1 were then correlated with the primary (model A) and secondary (model B) endpoints with two multivariable logistic models using the forward approach. The only variable retained significance in both model A (primary endpoint) and model B (secondary endpoint) was leukoaraiosis, with OR 5.4 (95%CI 1.3-22.9), p=0.022 and OR 3.2 (95%CI 1.1-9.6), p=0.040, respectively.
Logistic Regression Analyses. All demographical and clinical variables reported in
Model A was almost discretely predictive (AUC=0.697) with a sensitivity of 72.7%, specificity of 66.7%; positive and negative predictive value of 25.0% and 92.3%, respectively. Conversely, model B was modestly predictive (AUC=0.644), with a sensitivity of 61.1%, specificity of 67.7%, and positive and negative predictive value of 34.4% and 86.3% respectively.
Secondary Endpoint-b.
Changes (Δ) in psychomotor speed, memory performance, and global cognitive indexes between the last and the first visit after assignment to the drug for both ITT and completer populations were reported in Table 5 . No significant differences between groups were detected. ANOVARM model's results are reported in Table 6 . The effect of "treatment" and the interaction between "treatment" and "visit" were nonsignificant in each model performed.
Bayesian Analysis on the Composite Vascular Endpoint.
An exploratory Bayesian analysis was performed excluding the nonrandomized patients to increase the power of the analysis. The data at the end of the first year only were considered in this analysis because almost all patients completed follow-up at this time point. According to 1000 simulations there was a 96.3% chance of achieving higher failure rates on the composite vascular endpoint (primary endpoint + MI occurrence) with placebo with a 95% chance the difference in the proportion of failure between placebo and ASA falling in the range (+38.0%, -1.4%) and a median value of +15.2% (Table 7 ). In practice for 963 samples of the 1000 simulated, the number of placebo failures was greater than the number of ASA failures (Table 7) .
Discussion
Our study has shown that (i) although significance was not reached, an increase of new CVD events in controls occurred, (ii) there was no difference in tolerability between ASA and control group, (iii) presence of leukoaraiosis at baseline was independently associated with the occurrence of primary and secondary endpoints, and (iv) there was no significant difference in incidence of cognitive impairment between ASA and control group during the follow-up.
The strengths of our study were (i) prospectively multicentre data collection, with a homogeneous and aggressive preventive vascular treatment, (ii) use of strict radiological and clinical inclusion criteria, and (iii) central reading of neuroimaging, so as to avoid diagnostic bias. Indeed, the variation in MRI characteristics and imaging criteria for SBIs diagnosis may partially account for discrepancies in various studies and consequently SBIs detection [5, 15] . A metaanalysis on radiological criteria for SBIs diagnosis has underlined that, in half of studies published, SBIs were defined simply as hypointense area on T1 scans and hyperintense area on T2-weighted images sized ≥3 mm, not considering exclusion criteria for dilated Virchow-Robin spaces, leading to a consequently possible overestimation of SBIs prevalence [15] . Moreover, considering the established association between vascular risk factors and SBIs [1] , the homogeneous treatment of all subjects in terms of vascular prevention allowed minimizing their possible role in CVD incidence and better evaluating the role of antithrombotic therapy.
The major limit of our study is the small size of population, mainly due to (i) the enrolment method since subjects spontaneously came to clinical observation for other reasons (mainly headache or nonspecific dizziness), (ii) strict inclusion criteria, and (iii) the consent to randomization. Indeed, randomization was often hindered by general practitioners who preferred to prescribe directly ASA treatment. Although data to guide management of patients with silent infarction are limited, the guideline American Heart Association/American Stroke Association summarizes these data where they could be found and incorporate them into relevant sections of this guidelines [8] . Nevertheless, antithrombotic therapy in subjects with SBIs is still to be supported by clinical trials [7, 16] . Despite the small size of our population, ASA therapy could ameliorate SBIs prognosis on CVD. This finding is in line with other trials investigating the preventive effect of antithrombotic agents. Two small randomised controlled Japanese trials examining SBIs as a surrogate endpoint have been carried out in selected diabetic population, mostly free of SBIs at baseline, treated with either the antithrombotic agents cilostazol [17] or dilazep hydrochloride [18] . Both trials found that the incidence of SBIs was significantly lower in the drug-treated group than in the control group. In patients with nonvalvular AF, aspirin was found to reduce SBIs [19] , while anticoagulant therapy did not affect the rate of SBIs in the SPINAF study [20] . If ASA preventive treatment might contribute to ameliorate SBI, prognosis will be better clarified by ongoing trials as ASPREE study [21] and its substudy ENVIS-ion [22] aims to determine if a low dose of aspirin may prevent death and disability, including cognitive decline, and reduce the development of white matter hyperintense lesions and SBIs as assessed by MRI in elderly, as well [22] . Furthermore, we observed a trend towards a greater occurrence of arterial hypertension and hyperhomocysteinemia in controls than in ASA group. Despite the lack of statistically significant differences between the two groups, we cannot exclude that this might slightly bias our results.
Baseline characteristics of our study population confirmed the strong association between SBIs and arterial hypertension [1, 23] and, to lesser extent, hypercholesterolemia [1] . Indeed, more than half and around two-thirds of population at baseline were affected by arterial hypertension and hypercholesterolemia, respectively. On the other hand, only few subjects presented hyperhomocysteinemia [1, 23] and smoking habit [1] , also found to be associated with Stroke Research and Treatment 7 [23] . The vast majority of SBIs is small and deep and reflects penetrating artery disease, a pathogenesis shared with lacunar infarcts. Ischaemic leukoaraiosis, or white matter hyperintensities, is thought to be, together with lacunar infarction, different form of small vessel disease [24] . The presence and extent of leukoaraiosis represent a radiological marker of small vessel disease and an important predictor of first-ever and recurrent stroke, cognitive impairment, and functional disability [25] . It is recently used as surrogate endpoint in CVD clinical trials [26] . In our study, the presence of leukoaraiosis is associated with primary and, to lesser extent, secondary endpoint. This finding might confirm the belonging of leukoaraiosis and SBIs to the same spectrum of pathology, possibly being different temporal stages of the same pathology [27, 28] . The brain mapping in patients with leukoaraiosis showed that tiny clinically silent acute infarcts occur in these patients [27] . The radiological characteristic of these lesions became similar to characteristics of preexisting leukoaraiosis over time, suggesting that the accumulation of SBIs could be one of the most important, if not the primary cause of leukoaraiosis [27] .
In our population, there was no significant difference in the incidence of cognitive impairment between patients treated and not during the 4-year follow-up. The presence of SBIs is known to be associated with a 2-fold risk of dementia, a steeper decline in age-associated cognitive function and a higher conversion from mild impairment to dementia [3, 5] . The question of whether low-dose aspirin might be protective against cognitive decline remains unanswered [29, 30] . Possible explanations of the lack of long-term aspirin treatment effect in our population could be (i) the relative young age (median of 66 years in the ASA group versus 68 years in the control group), (ii) the relative short-term followup, and (iii) the strict control during all the follow-up of vascular risk factors, emerged as important contributors to the development of Alzheimer's disease.
The general practitioners' attitude to treat in secondary prevention healthy subjects with SBIs in daily clinical practice has preceded of some years the experts' agreement. In fact, recently American Heart Association/American Stroke Association guidelines reported SBIs as an important and emerging issue in secondary stroke prevention.
Despite the fact that larger randomized studies are needed to confirm these findings in subjects with silent brain infarcts, these results may suggest that subjects with SBI are at risk of cardiovascular events and benefit from secondary prevention therapy. A further observation emerging from this study is that also subjects with mild leukoaraiosis are at risk of cardiovascular events and probably have to be treated in secondary prevention too. These subjects need to be followed up as well as stroke patients.
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